Introduction
Renal cell carcinoma (RCC) is derived from renal tubular epithelium. The incidence of RCC is generally higher in Europe and North America than Asia and South America; however, across continents, RCC incidence varies from country to country [1, 2] . Other than the classic triads of hematuria, flank pain or flank mass, which occurs in less than 40% of patients on admission, RCC has a variety of other paraneoplastic syndromes (PNS), which may coexist with the classic triad of symptoms or alone. There is convincing evidence that RCC cells secrete proteins that serve as mediators of endocrine or nonendocrine PNS [3] . Therefore, the syndromes of RCC can be divided into two categories: endocrine and nonendocrine groups.
The endocrine group is less common and occurs in patients with hormonal manifestations secondary to neoplasm. The nonendocrine group consists of patients with a variety of systemic manifestations of the neoplastic disease. However, there is a dearth of studies pertaining to PNS and RCC stages [3, 4] . Whether or not these manifestations have any relationship to the disease stage remains unclarified. Therefore, in the present study, we investigated the inherent relations between PNS and RCC stages within the Chinese Han population, a predominant ethnic group.
Subjects and Methods

Clinical Features
A total of 1,512 patients who underwent radical nephrectomy or nephron-sparing surgery for pathologically confirmed unilateral RCC from the Huashan Hospital and the First Affiliated Hospital of Nanjing Medical University between 1994 and 2009 were included in the study. Each patient had a complete series of examinations including erythrocyte blood sedimentation rate (ESR), calcium levels, computed tomography (CT) or magnetic resonance imaging, chest X-ray or CT. Pathological profiles were classified according to the American Joint Committee on Cancer (AJCC, 2002) and Heidelberg guidelines. The diagnosis of PNS was determined on admission. Patients with preexisting diseases such as hypertension and iron deficiency anemia were excluded. All subjects were ethnic Han Chinese and permanent residents of the southern area of China. Ethical approval was obtained from the Institutional Review Boards of both hospitals and written informed consent was signed by all the patients.
Operative Range and Staging
Clinical staging was done by radiological evidence and corresponding auxiliary examinations based on the AJCC (2002). The operative strategy of RCC was based on a variety of predisposition factors that included tumor size, location, local and distant metastasis, preoperative renal function, and comorbidities. Resection of hilar lymph nodes was routinely performed to obtain adequate information for pathological staging. Enlarged lymph nodes that were detected by preoperative CT or intraoperatively were also dissected. Postoperative follow-up included chest and abdominal CT and blood tests which were standardized. The patients were followed up for 6 months to 2 years.
Statistical Analysis
Comparisons between the diverse PNS and clinicopathological features of RCC were evaluated using Fisher's exact or 2 test. Statistical analyses were processed using SAS software package (SAS Institute Inc., Cary, N.C., USA); p ! 0.05 was considered statistically significant.
Results
Patient Characteristics
Among the 1,512 patients with RCC, 1,028 (67.98%) subjects were diagnosed with paraneoplastic presentations based on elevated ESR, hypertension, cachexia, anemia, pyrexia, abnormal liver function, hypercalcemia, polycythemia, homonymy varicocele, and neuromyopathy. Cancer was detected on the left side in 557 cases and on the right in the remaining 471 (45.8%) cases. Of the 1,028 subjects, 756 (23.5%) were male and 272 (26.5%) female with a mean age of 63 8 13.2 years (range 28-81). The male:female ratio was 2.8: 1 and left:right ratio was 1.2: 1. The average size of the tumor was 6.2 cm (range 2.5-21). There were 657 (43.45%) cases diagnosed incidentally, and in 89 (13.55%) of these patients RCC was associated with PNS. The rate of incidentally diagnosed RCC seems to have an increasing trend over the years ( fig. 1 ) . A laparoscopic approach was performed in 412 (40.0%) patients and open surgery was conducted in 616 (60.0%) subjects. Nephron-sparing surgery was performed in 498 (48.4%) patients whilst the rest underwent radical nephrectomy.
Pathologic Features
Pathologically confirmed tumors were T1a: 347 (33.7%); T1b: 189 (18.4%); T2: 414 (40.3%); T3a: 28 (2.7%); T3b: 19 (1.8%); T3c: 9 (0.9%); and T4: 22 (2.1%). Twenty cases were positive for nodes (N1: 16 and N2: 4). Metastasis was not noticed in any case. There were 799 (77.7%) patients diagnosed with clear-cell RCC, 187 (18.2%) with papillary RCC, 36 (3.5%) with chromophobic RCC, and 6 (0.6%) patients with unspecified or mixed RCC. Staging was as follows: stages I + II (localized RCC) in 950 (92.4%) cases and stages III + IV (locally advanced RCC, without M1) in 78 (7.6%) cases.
Paraneoplastic Syndromes PNS profiles are summarized in table 1 . In contrast, only 154 patients manifested the classic triad of symptoms: any two symptoms were present in 186 cases and any one symptom was noted in 355 cases. There were 333 subjects presenting one or more of the PNS as the initial symptoms. Types of PNS in all the 1,028 cases were as follows: elevated ESR: 537 (52.2%); hypertension: 379 (36.8%); cachexia: 345 (33.6%); anemia: 321 (31.2%); py- 
Association between PNS and Clinicopathological Parameters
The association between PNS and clinicopathological parameters is listed in table 1 : elevated ESR (p = 0.008), cachexia (p = 0.000), varicocele (p = 0.000) and pyrexia (p = 0.021) were found to be significantly related to increasing stage. The postoperative recovery rate for each PNS is summarized in table 2 . There were only 152 patients presenting one PNS throughout the course. The symptoms were elevated ESR: 37; hypertension: 59; anemia: 20; pyrexia: 9; and hypercalcemia: 27. The relationship between single PNS and staging parameters is summarized in table 3 . Hypertension and hypercalcemia occurring as single PNS were found to be associated with advanced stage.
Discussion
In this study, the 67.98% of patients with RCC and PNS are higher than the 10-40% reported previously [3, 4] . The high occurrence of PNS in China could be due to tomography and a definition of PNS which could differ from center to center especially in case of hypertension, anemia or pyrexia. Elevated ESR is one of the most common paraneoplastic manifestations of RCC. Our finding of 52% of patients with elevated ESR is within the range of 23-55% reported previously [5] . Furthermore, the results of the current study demonstrated that an elevated ESR was more common among patients with advanced stage. The mechanism of ESR elevation in RCC is poorly understood. Some researchers suggest a possible correlation with low hematocrit [5] . However, 20% of the patients in our cohort who had a normal or elevated hematocrit still had an elevated ESR, suggesting that this may not be the only factor involved. Although cachexia is a common sequela of advanced and metastatic RCC, it may also be a paraneoplastic finding. Anorexia, emaciation, inertia, malaise and weight loss were manifestations of cachexia. It has been suggested that the tumor may secrete substances responsible for paraneoplastic cachexia, which is related to a worsening prognosis in RCC [6] as cachexia was prevalent within patients with advanced tumor stage in our study.
In the present study, 29 males were diagnosed with varicocele. In fact, varicose gonadal veins are usually detected intraoperatively in female patients. Because there is a dearth of criteria defining the extent of these intraoperative findings, we were reluctant to include female patients for evaluation. Twelve patients showed a unilateral hypochondriac mass on physical examination whilst the rest were detected with ultrasonography. Nonetheless it remains controversial whether or not varicocele, merely a mechanical compression, can strictly be defined as a PNS. The inclusion of varicocele in this study was based on its relation to advanced-stage RCC. RCC tends to invade the renal veins and in more extensive cases a tumor thrombus may extend into the vena cava causing varicocele [7] . Malignancies are known to be a common source of pyrexia of unknown origin [8] as 24% of patients with RCC present pyrexia of unknown origin in our study. Of note, a significant correlation between pyrexia and advanced stage was obtained. Because necrosis and hemorrhage of the tumor have been thought to cause an elevated temperature [9] , more prominent pyrexia may be caused by increased absorption of necrotic substance.
As many as a quarter of the patients were anemic, who did not appear to be secondary to blood loss and therefore could be regarded as normochromic and normocytic. Although malignancy-associated anemia has not been well characterized, it is thought to be secondary to marrow depression [10] . Although there was no relationship between preoperative anemia and stage, the hematocrit of the patients returned to normal after resection of the primary tumors. Strictly defined PNS hypertension was present in up to 40% of patients in our series. Such PNS could be induced through a variety of mechanisms including hyperreninemia, polycythemia, hypercalcemia, renal arteriovenous fistula, and ureteral obstruction [11] . Though no significance was reached in linking hypertension to stage, postoperative blood pressure normalized in our subjects and there was no evidence of recurrence. Abnormal liver function associated with RCC has been explained in a variety of ways that include impairment of hepatic function by the inflammatory cytokine of interleukin-6, the secretion of hepatotoxins or lysosomal enzymes that stimulate hepatic cathepsins or phosphatases, by the tumor itself [12, 13] . It has been postulated that tumor-secreted hepatotoxins cause hepatocyte injury with activation of the immune system which is mediated by the local recruitment of T cells and the production of antibodies against liver antigens [14] . However, the fact that 87% of patients with abnormal liver function reverted to normal function after tumorectomy showed that hepatic dysfunction associated with RCC is not necessarily a contraindication for surgery. As the kidney is involved in calcium metabolism and the maintenance of a normal hematocrit, hypercalcemia is well recognized to occur with RCC. However, the definition of nonmetastatic hypercalcemia is limited to the elevation of serum calcium levels in the presence of a tumor that has not spread to the bone. One possible mechanism for this symptom is the secretion of hormonal peptides by renal tumor cells [15] . Polycythemia, on the other hand, was associated with approximately 7% of patients in our study. The index decreased postoperatively within 2-3 weeks in all patients. In these patients, elevated red blood cell concentration is believed to be mediated by erythropoietin, a glycoprotein that induces differentiation of erythrocyte colony-forming units in the bone marrow to promote red blood cell production. Neurological PNS are rare in RCC conditions yet can be successfully treated by resection of the primary tumor [16, 17] . In our cohort, the 12 cases who were found to have neuromyopathy associated with RCC all experienced more or less alleviation of their condition postoperatively. Though hypertension and hypercalcemia were found to be associated with advanced stage as single PNS, it is still hard to evaluate their clinical significance since the number of these patients in our study is limited. Further investigations are required to clarify whether a single PNS virtually relates to clinicopathological features.
Conclusion
The results indicated that pyrexia, elevated ESR, cachexia and varicocele were significantly more prevalent among patients with advanced-stage RCC in the Han ethnic group in China.
